The ionotropic glutamate receptors mediate excitatory neurotransmission in the mammalian central nervous system. These receptors provide a range of temporally diverse signals which stem from subunit composition and also from the inherent ability of each member to occupy multiple functional states, the distribution of which can be altered by small molecule modulators and binding partners. Hence it becomes essential to characterize the conformational landscape of the receptors under this variety of different conditions. This has recently become possible due to single molecule fluorescence resonance energy transfer measurements, along with the rich foundation of existing structures allowing for direct correlations between conformational and functional diversity.
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Significance of Understanding the Conformational Landscape of Glutamate Receptors
Ionotropic glutamate receptors (iGluRs) mediate the majority of excitatory neurotransmission in the central nervous system and are critical players in synaptic plasticity, which underpins the processes of learning and memory formation [1, 2] . In addition to its physiological functions, the glutamate receptor family is also implicated in a variety of neuropathologies, including epilepsy and ischemic stroke, due to its roles in glutamate excitotoxicity and neural circuit coordination [1, 3] . Mutations and dysfunction of the receptor are also implicated in learning disorders and autism [4] [5] [6] [7] . The myriad of processes involving glutamate receptor activity underscores the importance of gaining a fuller understanding of the receptor's function, including to better inform drug development (Box 1).
A critical step in understanding how the receptor mediates the plethora of functions and to modulate the receptor function in disease states is to understand the structural states underlying the different functional states of the receptor. The recent increase in the cryo-electron microscopy (EM)-based structures along with high resolution X-ray structures provide a rich structural foundation. Building on these structures it has now become possible to use single molecule fluorescence-based methods to study the conformational landscape and transitions across the landscape with the hope of being able to tie this to the single channel-based functional states. In this review we summarize the current state of the structure-dynamic control of glutamate receptor function gained from a combination of these methods with particular emphasis on the recent single molecule fluorescence resonance energy transfer (FRET) investigations.
From Structure to Conformational-Dynamics Analyses of Glutamate Receptors
As expected of receptors with wide-ranging roles, ionotropic glutamate receptor signals can be modulated at different levels. At the level of genetics and pharmacology, they can be Ionotropic glutamate receptors, isolated segments, and full length, have over 1000 structures available in different liganded states and in complex with auxiliary subunits.
The functional parameters of ionotropic glutamate receptors are well characterized by macroscopic and single channel electrophysiological recordings.
Single molecule fluorescence resonance measurements are beginning to map site-specific transitions between known structural end points at temporal resolutions approaching that of electrophysiology. These studies are particularly illuminating for transitions amongst electrically silent conformations and for providing single molecule explanations for macroscopic observations.
